Introduction. Iodine deficiency is one of the most important public health problems in the world. It mostly affects pregnant women and children. The lack of iodine leads to an increase in the numbers of perinatal mortality and mental retardation. Materials and method. In 2012-2014, a survey was carried out of 2,342 women, of whom 2284 were analyzed for salt to measure the content of iodine, and 2,242 women of reproductive age had their urine samples analyzed by the ceriumarsenite method based on the Sandell-Kolthoff reaction. Determination of the medical and social effectiveness of biological monitoring of IDS was carried out in 3 stages. Results. The study revealed that in the eastern Kazakhstan region the relative risk (RR) of overall prevalence of iodine deficiency among women was 1.1 times higher (95% ID: 0.35-3.61; Z statistic = 0.192) among household respondents (≤15mkg/kg). In the Pavlodar region, the RR of the prevalence of total iodine deficiency is 0.5 times higher in households where the salt was not sufficiently iodized. In the Zhambyl region the RR of the iodine deficiency prevalence was about twice as high due to insufficient iodized salt. Conclusions. The introduction of biological monitoring of IDS among women, especially pregnant women, may positively affect the detection of the risk limits for the birth of infants with reduced mental abilities or other diseases during pregnancy, using timely targeted preventive measures to exclude factors that affect the spread of IDS.
INTRODUCTION
Since the mid-1990s, IDS has been widely accepted as a public health problem, and many countries have included salt iodization and monitoring programmes as one of the country's domestic policies to improve the nutritional status of the population. Countries have gradually begun to depart from the definition of goitre among the population, as it was not accurate enough and did not fully reflect the population's iodine supply at the moment. Instead, attention shifted to monitoring salt production, quality, use in households and the level of iodine in urine, which is the main indicator characterizing the supply of iodine to the population of a particular region or country. This indicator is highly sensitive, responds quickly to changes in the level of iodine intake, and therefore is important not only for assessing the epidemiological situation, but also for monitoring programmes for the prevention of iodine deficiency disorders [1, 2, 3] .
Carrying-out biological monitoring of iodine status is a key step towards achieving complete elimination of iodine deficiency. Using a well-defined criterion for monitoring is the key to success towards the elimination of iodine deficiency.
The legislative confirmation of salt iodization and its monitoring in all countries is at different levels. According to available data from 40 European countries, only in 9 countries the level of iodization of edible salt in homeowners is about 90%. According to the results of research, there are national programmes in only 17 European countries, and in the remaining 23 countries there are legislative norms, but which in turn do not obligate mandatory salt iodization [4] . Since 2007, 23 national studies have been conducted in Europe to determine the iodine status [5, 6, 7, 8, 9, 10] .
In 2003, in Kazakhstan, taking into account the prevalence of iodine deficiency among indicator groups of population and low iodine provision, the Law of the Republic of Kazakhstan "On the Prevention of Iodine Deficiency Diseases" (IDD), approved by the Decree of the President of the Republic of Kazakhstan of 14.10.2003 , No. 489-МHRK, вArticle 11 of this law states that all salt produced and sold in Kazakhstan for food purposes must be iodized, and the production, importation, sale of falsified salt is prohibited [11] . State interest was actively supported by salt producers to fight IDD and a targeted communication campaign had a huge impact on increasing iodized salt production and affected the quality of iodization [12, 13, 14] .
But with the passage of time, it became clear that an important point for the full operation of the law is the monitoring of iodine status. As the experience of many countries shows, the medical and social effectiveness of biological monitoring is very high. Biological monitoring of iodine deficiency status by the method of cross-sectional examination after a certain period of time, makes it possible to monitor the iodine status of the population, and react in a timely manner to the situation. The use of clearly defined criteria for monitoring is the key to success towards elimination of iodine deficiency.
MATERIALS AND METHHOD
In order to determine the background status of the iodine status of the population of Kazakhstan, the research data carried out within the framework of the State programme for the development of healthcare "Salamatty Kazakhstan" in 2011 by the Kazakh Academy of Nutrition and the Academy of Preventive Medicine [15] . A random sample of respondents among women of reproductive age from 14 regions of Kazakhstan and cities of the republic, significantly in Astana and Almaty, was carried out by a cluster method, taking into account the precinct principle in the areas of medical care for women of reproductive age. In 2011, 1,303 women of reproductive age were examined.
After a thorough analysis of the obtained results, using the random sample method, 9 regions of Kazakhstan were selected (Akmola, Aktobe, Almaty, East-Kazakhstan, Zhambyl, Mangistau, Pavlodar, North-Kazakhstan, SouthKazakhstan region) for a more detailed examination of women of reproductive age. In subsequent years, women were examined by a surveillance team and the results of the prevalence of ID, the quality and coverage of consumption of adequately iodized salt, and the results of a questionnaire survey about the problem of iodine deficiency were compared with background research grouped each year into 3 regions.
Every year, in the regional centre in each of the 3 regions of Kazakhstan, 8 groups were randomly selected: 2 clinics, and in every clinic 4 sites. In each site there were selected about 13-14 women of reproductive age. In 2012, in the Akmola, East Kazakhstan and South Kazakhstan regions 768 women of reproductive age were surveyed. In 2013, in Pavlodar, North-Kazakhstan and Aktobe regions, 757 women of reproductive age from the pool of sampled individuals were examined. In 2014, in the Almaty, Zhambyl and Mangistau regions 817 women of reproductive age were examined (Tab. 1).
Taking into account the possible refusal to participate and / or the absence of people included in the sample, the number of women chosen was increased by 12%. In all years, field data collection studies were conducted in the summer-autumn period. The women were examined after receiving voluntary informed consent to participate in the study. Women were interviewed using a questionnaire in the language of their choice -Kazakh or Russian. Urine samples were collected from all the women and urinary excretion of iodine was analyzed to determine iodine status. Salt samples (10 grams) were also taken directly from households to determine in the laboratory the degree of iodination.
A study of the level of knowledge, skills, methods of prevention, eating habits of the women and the relationship of women of reproductive age to the problem of iodine deficiency, was conducted using the method of individual questioning according to a questionnaire. In general, the questionnaire included 37 questions, in Russian and Kazakh, respectively. Prior to each the submission of each questionnaire, the interviewers were obliged to receive verbal and written voluntary consent from the respondent to participate in this study. The questionnaires were preliminarily tested and approved by the local Ethical Commission (Protocol No. 06, 15.09.2010).
The concentration of iodine in a single urine sample was determined with the cerium-arsenite method on a flowthrough spectrophotometer Cecil CE 2041-2000 Series (England), which is based on the reaction of Sandell-Kolthoff, based on the catalytic action of iodine in the oxidationreduction reaction between cerium sulfate and arsenite [16] . With the help of this method, in the course of the study 2,322 of urine samples were analyzed of women of reproductive age -753 in 2012, 752 in 2013 and 817 in 2014.
Statistical analysis of the iodine content of the biomaterial was performed using descriptive statistics. Calculated arithmetic mean (M), median (Me), standard deviation (SD), standard error of arithmetic mean (m), minimum (Min) and maximum (Max) values were used in the study. Statistically significant differences were determined using 95% confidence intervals (CI). At the intersection of ID regions, the differences were not statistically significant at the alpha level error of 5%. All calculations were performed using the statistical software package SPSS v. 17.0 (SPSS Inc, Chicago, IL,USA).
Salt samples were analyzed in the laboratory of the Kazakh Academy of Nutrition on the iodine content in salt by the method of iodometric titration. The method is based on titration of the liberated iodine with sodium thiosulphate. This method is set in the State standard of RK "Food Iodized Salt" Methods for determination of iodine and sodium thiosulfate, State standards of the Republic of Kazakhstan GOST R 51575 -2003 [17] . This method was used to perform At the first stage, the risk of giving birth to children with low mental abilities and the risk of birth with diseases (neonatal hypothyroidism, goiter, etc.) associated with iodine deficiency in the mother's body during pregnancy was calculated at selected points. From the number of newborns in each region, the number of newborn babies born from mothers with iodine deficiency during pregnancy was calculated.
At the second stage, unfavourable and favourable areas were identified for the prevalence of iodine deficiency, according to the determination of iodine concentration in urine.
In the third stage, the relative risk (RR) of the prevalence of the total iodine deficiency was calculated using the conjugation Table (2 x 2) in order to identify the cause of low iodine availability among surveyed women in unfavourable areas, due to inadequate iodine supply to the body through the consumption of inadequately iodized salt (Tab. 2).
The hazard ratio for the overall prevalence of iodine deficiency was defined according to the following formula:
RESULTS
By medical efficiency in the presented case, is meant the health of pregnant women in the context of preventing diseases associated with iodine deficiency. Implementing biological monitoring in a monitored region with an adverse condition of iodine status on an indicator segments of the population (women of reproductive age), will be timely and targeted At prevention in these areas. This in turn will affect the iodine status of the entire population and reduce the number of newborns with reduced mental abilities and diseases associated with a lack of iodine intake (neonatal hypothyroidism, goiter, etc.). Women of reproductive age and pregnant women are considered a sentinel group for determining iodine status. The social efficiency of biological monitoring is that the results obtained while conducting biological monitoring among women of reproductive age, including pregnant women, can be extrapolated to the entire population. During pregnancy, due to active renal clearance, it is possible to identify a deficiency of iodine in the body, which is not always possible to detect before or after pregnancy.
To identify the risk of having children with iodine deficiency, the basic socio-economic indicators of the surveyed areas are required (Tab. 3).
From the number of surveyed pregnant women in the Akmola region, it was estimated that in 2012 an average of 19 -460 children were at risk of having been born with reduced mental abilities, and with diseases associated with iodine deficiency (neonatal hypothyroidism, goiter, etc.). The greatest number of children born with this risk was observed in the East Kazakhstan region, from about 7,683-17,797, and in the the South Kazakhstan region in the range from 10,236-23,811 children. Data for 2013 in the Pavlodar region indicated from 3,498-7,055 children, in the North Kazakhstan region -from 31-626 children, and in the Aktobe region from 174-1629. According to the calculation data, this risk affected in 2014 in the Almaty region 2,744-9,460 children, in the Zhambyl region -5,614-11,862 children, and the Mangistau region 1,444-3,780 children.
As a result of the data obtained on the concentration of iodine in urine, as well as on the detected risks of the birth of children with low mental abilities and diseases associated with iodine deficiency, favourable and unfavourable areas were identified during the study period. Among unfavourable areas were included the South Kazakhstan region, East Kazakhstan region, and the Zhambyl and Pavlodar regions. Since, in these areas, along with the risk of giving birth to children with reduced intellectual abilities, deficits showed of a mild challenge to the average degree among the indicator groups (pregnant women). In the South Kazakhstan region, the overall prevalence of iodine deficiency amounted to 45.8% (95%ID:27;9-64.9), in the East Kazakhstan region up to 56.3% (95%ID:33;2-76.9). At the same time, mild iodine deficiency among women prevailed. In Pavlodar and Zhambyl regions were recorded the highest number with a lack of iodine among pregnant women 64.7% (95% ID: 41;3-82.9) and 54.5% (95%ID:34;6-73.1) respectively. The remaining 5 regions (Akmola, Aktobe, North Kazakhstan, Almaty and Mangistau regions) were classified as favourable regions in which were registered the number of cases with excessive iodine content among all surveyed categories. The results of research showed that the most significant factor in the psychological disturbances occurred in the East Kazakhstan, South Kazakhstan, Pavlodar and Zhambyl regions.
The greatest risk factor for the birth of children with mental disabilities was identified in the following regions: East Kazakhstan -relative risk (RR) of overall prevalence of iodine deficiency among women of reproductive age was 1.1 times higher (95% ID: 0.35-3.61; Z statistic = 0.192) among those respondents who had a salt with insufficient iodination found in households (≤15mkg/kg). In the South Kazakhstan region, the relative risk (RR) of the prevalence of total iodine deficiency among women of reproductive age was 1.03, but this indicator was statistically insignificantp=0.89 (Tab. 4). In the Pavlodar region, the relative risk (RR) of the prevalence of total iodine deficiency was 0.5 times higher in households where the salt was not sufficiently iodized. And in the Zhambyl region, the relative risk (RR) of the prevalence of iodine deficiency due to consumption of insufficient iodized salt was twice as high.
DISCUSSION
Monitoring of the iodine status of the population is a key step towards achievement of the complete elimination of iodine deficiency. As the experience of many countries shows, the biological monitoring of iodine deficiency by cross-sectional studies after a certain period of time makes it possible to monitor the iodine status of the population, and to promptly react to the situation. After all, history shows that an uncontrolled attitude towards iodine, through dozens of years can be expressed with an increase in the number of births of children with various mental and physical abnormalities. Using of clearly defined criteria for monitoring is the key to success on the path to eliminating iodine deficiency. For example, since the 1960s, Finland has considered iodine deficiency to be a public health problem. Since then, in this country, studies have been conducted in a sporadic manner to determine the urinary excretion of iodine. In 2009, the National Institute for Health and Welfare reported on the need to monitor adequate salt iodization by determining through urinary excretion in individuals aged 24-75 years twice every 10 years [18, 19, 20] .
Since 1994, the Czech Republic has had a programme to control iodine deficiency. This programme involves the monitoring of salt iodization, the level of urine iodine content among the population and its awareness [21] . In Turkey, the programme on the prevention of iodine deficiency began in cooperation with UNICEF in 1994, with the aim of providing adequately iodized salt. The iodine deficiency is monitored every 5 years [22] .
According to the WHO data for 2001, the median ioduria among the adult population of Norway aged 21-49.9 years was 85.0 mg/l [23] . The Government of Norway ordered the iodization of fodder salt for cows in 1950, chich after a period of time proved the effectiveness of universal salt iodization and its monitoring [24] .
In the post-Soviet period (1999) (2000) , for the first time on the territory of the Republic of Kazakhstan, there was carried out an epidemiological study on iodine provision of the population, using modern indicators for assessing iodine deficiency [25] . More recent studies have shown that the frequency distribution of low concentrations of urinary iodine (<100 µg/l) among women of reproductive age in Kazakhstan have considerably decreased and amounted to 15.9%. At the same time, the consumption of iodized salt in households in the Republic increased from 29% in 1999 to 83% in 2004, and to 91.4% in 2006 [26] .
Taking into account all legislative and practical actions carried out in the Republic of Kazakhstan on the way forward in the fight against iodine deficiency, by agreement with international organizations (CDC, UNICEF, WHO, MI, IGN) with a network of sustainable elimination of iodine deficiency, in February 2010, the Republic of Kazakhstan was certified as a country that had achieved the elimination of iodine deficiency by the Universal Iodization of Salt (UIS). UIS should be supported by improving the legislation and system of biological monitoring, which should cover and monitor the use of iodized salt in industrial foods and in households to supply the population with iodine.
Iodine deficiency disorders affect mainly the vulnerable part of the population -women of reproductive age and children. Therefore, it is necessary to consolidate and place on a long-term, priority basis, periodic monitoring of quality control of the UIS, as well as iodine security of the population, aimed at further elimination of Iodine Deficiency Disorders.
CONCLUSIONS
It must be bornein mind that the deviations in mental development due to insufficient intake of iodine can only be prevented by ensuring an adequate intake of iodine in the mother's body during pregnancy. With the introduction of periodic biological monitoring of iodine deficiency conditions, it is possible to monitor and identify regions with a problem of iodine intake, and take timely and immediate measures to ensure adequate iodine nutrition by the sectors of the population At risk.
The presented analysis confirmed that the body's supply of iodine is directly dependent on the adequate intake of iodine through the consumption of iodized salt. Women who consumed quality iodized salt, had excretion rates of iodine in the urine within the normal range, which indicates the complete provision of the body with iodine. Thus, the introduction of periodic biological monitoring of iodine deficiency status among women of reproductive age, especially pregnant women, will affect the detection of the risk limits for the birth of infants with reduced mental abilities or other diseases associated with an inadequate intake of iodine during pregnancy and through timely targeted preventive measures exclude factors that affect the spread of iodine deficiency. Preventive measures in the fight against the prevalence of iodine deficiency / excess are an important tool on the way to eliminating diseases associated with the inadequacy of iodine intake into the body. The introduction of the system of biological monitoring of iodine among the population allows estimation of the population's consumption of iodine at the population level, confirming the presence or absence of iodine deficiency, iodine adequacy or excess of iodine, assessing its severity, determining the effectiveness of the activities conducted and assessing the adequacy of iodine adjustment, not only at country level, but also at regional level.
The introduction of the biological monitoring system and its data can be used as an information source for international cooperation in the field of fighting micronutrient deficiency, and will contribute to the international assessment of the situation of IDD at the regional level.
